Abstract
INTRODUCTION
In the United States, an estimated 16910 cases of esophageal cancer will be diagnosed each year and 15690 deaths are expected from the disease [1] . Approximately 50% of patients initially present with unresectable or metastatic disease [1] . Early stage disease carries a better prognosis with five-year overall survival (OS) ranging from 80%-93% in stage Ⅰ disease after esophagectomy [2, 3] . For locally advanced disease (T3N0 or TxN+), the addition of neoadjuvant therapy to surgical resection improves survival and is currently standard of care in the United States [4] . Management of T2N0 esophageal cancer is more controversial. In the randomized trial by van Hagen et al [5] which demonstrated a survival benefit to neoadjuvant therapy, T2N0 patients were included in the trial; however, Mariette et al [6] did not demonstrate a survival benefit for neoadjuvant chemoradiotherapy in stage Ⅰ and Ⅱ esophageal cancer. Therefore, clinical staging is critical in determining optimal therapy for esophageal cancer. Modalities for clinical staging include computed tomography (CT), positron emission tomography (PET), and endoscopic ultrasound (EUS). Magnetic resonance imaging (MRI) is not generally used for staging at our institution though it may be useful in certain circumstances. In a systematic review of PET staging, the reported sensitivity and specificity for locoregional metastasis was 0.51 and 0.84, respectively [7] . Specificity for distant metastasis was higher at 0.97. EUS is another key component of clinical staging and is routine in evaluating locally advanced esophageal cancer [8] . When compared to various staging modalities, EUS is more accurate in assessing locoregional disease. In a metaanalysis of EUS studies by Puli et al [8] , the sensitivity and specificity of EUS for defining tumor depth was 80%-90% and more than 90%, respectively, with increased accuracy for more advanced T stage. In the same study, the pooled sensitivity of EUS for nodal staging was 84.7% and the specificity was 84.6%. The addition of fine needle aspiration (FNA) of equivocal lymph nodes increased the sensitivity and specificity of nodal staging to 96.7% and 95.5%, respectively [7] . Despite its utility in locoregional staging, EUS is reported to be less accurate in early disease. A review of studies of EUS in early esophageal cancer reported a 65% tumor stage concordance between EUS and pathology [9] . It is especially challenging to differentiate between T2 tumors that invade the muscularis propria and T3 tumors, which invade the adventitia. The distinction is critically important, as it determines which patients should undergo upfront surgery and which would benefit from neoadjuvant therapy prior to curative resection. In addition, distinguishing between benign reactive lymph nodes and lymph node metastasis can be challenging, although FNA can improve accuracy. This study explores our institution' s experience with early stage cT1N0 and cT2N0 esophageal cancer and evaluates variables which affect EUS staging. In this manner, we aim to elucidate factors which can improve staging and allow for optimal treatment of esophageal carcinoma.
MATERIALS AND METHODS
A retrospective chart review was performed and patients who underwent esophagectomy for malignancy from 2000 to 2015 at a single institution were identified. Patients who were clinically staged as T1N0 (cT1N0) and T2N0 (cT2N0) were identified. Over this time period, there were also 70 patients with cT1a esophageal carcinoma who underwent endoscopic mucosal resection (EMR). These patients were not included into the study because complete pathologic staging, i.e., nodal staging, would not be obtainable. Patient demographics, tumor characteristics, operative treatment and perioperative outcomes, surgical pathology, and long term outcomes were recorded.
Clinical staging was performed by EUS for all patients in addition to a combination of CT and PET imaging. The majority of patients (128/139) underwent EUS at our institution. EUS was performed by two gastroenterologists (Harris C and Klapman J) who have advanced training in EUS and have seven and 12 years of EUS experience, respectively. Each endoscopist performed an average of 150 EUS procedures a year. The radial echoendoscope was used by both endoscopists, but CH also adds the linear echoendoscope to evaluate the nodal mediastinal stations: 2R, 2L, 4R, 4L, 5, 6, 7, 8, and 9. Of note, the processor was updated within the last 3 years from an Aloka SSD-5000 (Aloka Co., Ltd., Tokyo, Japan) to an Aloka alpha 10 (Aloka Co., Ltd., Tokyo, Japan). Ultrasound-guided fine needle aspiration of lymph nodes was also performed during the procedure for equivocal or suspicious lymph nodes. EUS and other clinical staging modalities were not repeated for patients who had completed the procedure at an outside facility.
After complete preoperative evaluation, all patients underwent esophagectomy without any neoadjuvant chemotherapy, radiation, or chemoradiation. Type of esophagectomy was determined by the judgment of the operating surgeon and included minimally invasive and open approaches. For Ivor-Lewis esophagectomies, thoracic lymphadenectomy was also performed to include mediastinal lymph node stations 7-9. Surgical specimens were staged by the tumor-node-metastasis (TNM) classification according to American Joint Committee on Cancer guidelines. Accuracy rates of EUS were determined by comparing EUS tumor depth and nodal staging to depth and nodal status on surgical pathology. Patients who were found to have more advanced disease on surgical pathology than suggested by preoperative work-up were referred to medical and radiation oncology for discussion of adjuvant therapy.
Statistical analysis was carried out by SPSS software version 23 (Chicago, IL, United States). Descriptive statistics was used to describe the cohort, with means and medians for continuous variables and frequencies and percentages for categorical variables.
Student's t test and Fisher's exact test or χ 2 test was used to compare variables. Two-sided p-value was used with p < 0.05 considered statistically significant. Logistic regression analysis was used to determine if clinical variables such as tumor location and tumor histology were associated with EUS accuracy. Institutional review board approval was obtained prior to initiation of the study.
RESULTS
Between 2000 and 2015, 139 patients with early stage esophageal carcinoma (cT1N0 and cT2N0) were identified. Patient demographics and tumor characteristics are outlined in Table 1 . Briefly, there were 25 (18%) female and 114 (82%) male patients with tumors predominantly in the lower third of the esophagus and the gastroesophageal (GE) junction. Ninetythree percent of patients had adenocarcinoma and 7% had squamous cell carcinoma on final pathology. Clinical staging was as follows: 110 (79%) patients had cT1N0M0 and 29 (21%) patients had cT2N0M0 tumors. Type of surgical resection included three-field 
DISCUSSION
The current standard of care for early stage esophageal cancer includes EMR for T1aN0 disease and upfront surgery for T1bN0 and T2N0 disease. Trimodality therapy is the standard of care in patients with more advanced disease [10] . The staging of esophageal cancer, therefore, is important not only as a prognostic indicator, but also as a means by which we may determine the best therapeutic approach. EUS is believed to offer improved sensitivity and specificity to the clinical staging process. However, in our cohort the concordance of EUS with pathological stage was lower than prior reports of EUS staging for esophageal cancer, though these studies included early and locally advanced disease. There is a degree of operator dependence with EUS, but this is an unlikely explanation. The accuracy of EUS for the evaluation of early stage esophageal cancer has been examined in multiple recent retrospective reviews and they demonstrate similar findings [11] [12] [13] [14] . These studies identified the limited ability of EUS to accurately stage T1N0 and T2N0 disease. In their study, Young et al [9] cited a 56% concordance rate with EUS and surgical pathology in early esophageal cancer. These limitations may be related to the anatomy of the esophagus and its complex lymphatic system. Other cited factors which decrease EUS accuracy include tumor length, tumor location (specifically tumors at the gastroesophageal junction and cardia), and presence of Barrett's esophagus [8, 10] . Tumors may be under-staged by either underestimating the depth of invasion (T stage) or the presence of nodal involvement (N stage). In our series, EUS underestimated the depth of invasion in 10 (7%) patients without pathological lymph node involvement. In the study by van Hagen et al [5] , neoadjuvant treatment increases the rate of complete resection with negative margins. Despite this fact, all patients in this series were able to undergo complete surgical resection with negative margins. The more problematic issue is when clinical under-staging presents as unrecognized nodal involvement. This leads to unreliable prognostication and inappropriate treatment selection. The importance of this issue is demonstrated in the dismal 5-year survival rate for patients with lymph node metastasis [15] . Furthermore, several studies have established a survival advantage to neoadjuvant therapy before surgery in patients with lymph node involvement [16, 17] . In our series, (Table 2) . Thirty-seven patients (27%) were over-staged and 29 (19%) were under-staged. Of these, 10/139 (7%) were under-staged by tumor depth and 19/139 (14%) had nodal disease unrecognized pre-operatively (pN+) ( Table 2 ). Of patients with cT1N0 disease who were clinically over-staged, 22 had carcinoma in-situ or Barrett's with high grade dysplasia on final surgical pathology. Of patients with nodal disease, 17/19 were pN1 and 2/19 were pN2. We could not ascertain from pathology reports whether microscopic or macroscopic nodal metastasis was present in these cases. By clinical stage, preoperative ultrasound was less reliable in identifying nodal disease for tumors with greater depth, though this was not statistically significant. EUS missed nodal disease for 12/110 (11%) of cT1 tumors and 7/29 (24%) of cT2 tumors (p = 0.075).
Other factors which could influence ability of EUS to predict pathological staging were also analyzed. We examined the time period in which patients underwent EUS. Patients were divided by whether they underwent EUS between 2000 and 2010 or between 2011 and 2015. Of patients who underwent EUS in 2010 or earlier, 17/110 (16%) had unrecognized nodal disease compared to 2/29 (7%) of patients who had EUS performed in 2011 or later (p = 0.363). In our series, PET was used for clinical staging in addition to EUS in 62 of the 139 patients. Of 62 patients that had both EUS and PET, only 4 (6%) had occult nodal involvement on surgical pathology compared to 15/77 (19%) of patients that did not undergo PET preoperatively (p = 0.028).
Logistic regression was performed to evaluate whether tumor location, tumor histology, time period of EUS, and whether EUS was performed at our institution were associated with accurate staging by EUS. None of these variables were related to the ability of EUS to accurately stage patients (p > 0.05). Factors such as tumor length, presence of Barrett's dysplasia, presence of strictures, and traversability of lesions were not evaluated in this study due to incomplete or missing data.
Of the cohort, 29 patients (21%) were understaged. Nine patients underwent adjuvant therapy, with six undergoing chemotherapy and three undergoing chemoradiation. The remaining patients did not undergo adjuvant therapy. Median follow-up was 51 mo (range 1-186 mo). Median overall survival was 107 mo for the entire cohort. concurrent chemotherapy and or radiation therapy following surgical resection might be challenging due to concerns of decreased efficacy and poor tolerance [18, 19] . In a randomized trial of preoperative vs postoperative chemotherapy for esophageal squamous cell carcinoma, five-year overall survival was 43% for the adjuvant chemotherapy group vs 55% for the neoadjuvant chemotherapy group [19] . In addition, rates of treatment after surgery may be lowered due to poor postoperative performance status or patient refusal, as seen in the present series in which only half of the patients who met criteria for adjuvant therapy received it.
Due to the potential for understaging and missed opportunities for neoadjuvant therapy, consideration for neoadjuvant therapy in T2 esophageal carcinoma has been examined, though controversy exists. As mentioned above, the rate of nodal metastasis in clinical T1 and T2 disease is not negligible. Bergeron et al. demonstrated that 15% of cT1a and 18% of cT1b tumors were under-staged by nodal status [14] . Keeping in mind the relationship between tumor depth and nodal status in esophageal cancer, tumors that penetrate the submucosal layer may be able to also invade the network of lymphatic channels that course the length of the esophagus [20] . In the evaluation of depth of tumor as a predictor of regional lymph node involvement by Rice et al [20] , up to 40% of T2 lesions were identified to have lymph node involvement. In this series, 24% of cT2N0 patients had nodal involvement on surgical pathology. In the randomized trial by van Hagen et al [5] that established a benefit for neoadjuvant chemoradiation, T2 patients were included in the study. Similarly, a propensity matched study of stage I and II patients demonstrated that stage I and II patients who underwent neoadjuvant chemotherapy had a 47.7% five-year OS rate compared to a 38.6% rate in patients who underwent upfront surgery (p = 0.016). However, when upfront surgery vs neoadjuvant chemoradiation was evaluated in this population in a randomized trial, there were no survival differences (p = 0.94) but increased postoperative mortality (p = 0.049) [5] . Since 2009, our center has added the routine use of PET with EUS for staging early esophageal cancer. This has improved accuracy of staging, as confirmed in other series [21] . Of the 139 patients with clinical T1N0 or T2N0 esophageal cancer, 62 patients had a PET included as part of their clinical workup. Only four patients were found to have nodal disease on pathologic specimen when their EUS and PET imaging showed negative nodal involvement. Seventy-seven patients in this series did not undergo PET imaging as part of their clinical staging. Of that group, 15 patients (19%) were identified as having occult nodal disease. These findings suggest that the combination of both EUS and PET for staging of early esophageal cancer improves clinical accuracy.
We cannot definitively predict that a PET would have demonstrated hypermetabolic activity in those understaged lymph nodes, as many patients had low volume nodal disease with only one positive lymph node on final pathology. Interestingly, in a SEER study, the authors noted that EUS and/or CT-PET was associated with improved overall survival, probably due to the improvement in staging and receipt of therapies for patients undergoing these procedures [22] . Although the consequences of clinically understaging may seem evident, over-staging by EUS also has important ramifications. Over-staging may lead to unnecessary surgical procedures. In clinical series, the mortality and morbidity rate of esophagectomy are 2%-6% and 50%-64%, respectively [23] [24] [25] . In this series, the 30-d mortality rate was 2.2%. Of 110 patients with cT1N0 tumors, 22 had carcinoma in situ (Tis) or Barrett's with high grade dysplasia (HGD) on final surgical pathology. These disease processes could have been treated with a less invasive endoscopic mucosal resection rather than esophagectomy. EMR has been proven to be an effective treatment option for patients with Tis and Barrett's with HGD, as long as deep radial and deep margins are free of tumor [26] . For this reason, our institution now utilizes EMR not only as a therapeutic tool when appropriate, but also as a diagnostic tool which can evaluate pathologically and more accurately the depth of invasion of the tumor.
The decreased accuracy of EUS in early stage disease is unlikely related to evolving technology or improved technique over time at our institution. In similar studies, retrospective data collected over a decade time span has proposed technology to be a limitation, contributing to possible EUS inaccuracy if obtained during the early 2000s [11] . This was evaluated in our review by grouping patients into two separate time periods. Endoscopes used for the majority of patients in this review ranged in frequencies from 5-10 MHz. Of note, the processor was updated within the last 3 years from a 5 MHz endoscope to a 10 MHz endoscope. No significant difference was identified between patients whose EUS was performed before or after 2010 with respect to unrecognized nodal disease by EUS.
This study has several important limitations. There are inherent biases due to the retrospective nature of this study. In addition, though it appears that the concordance rate of EUS with surgical pathology was low in this study, other published studies report similar numbers in the setting of early esophageal cancer. In addition, we did not include patients that underwent endoscopic mucosal resection, which likely would have improved our accuracy rates. The decision to exclude those patients was made because it would not be possible to figure out the true nodal status of those patients without undergoing surgery. Also, one of our study objectives was to demonstrate factors associated with inaccurate EUS, but due to the time span of the study many prior endoscopic reports were missing pertinent information such as length of the tumor and presence of Barrett's esophagus. Our study had an overwhelming majority of patients with adenocarcinoma, which is more typical of Western populations. Though we could not ascertain from endoscopy reports exactly how many patients had Barrett's esophagus, we speculate that many of our patients diagnosed with carcinoma were undergoing surveillance for Barrett's esophagus. In addition, patients who had EUS at an outside institution were included, but the number was relatively small and likely did not impact the results of this study.
However, this study does bring to light the limitations of one of the more specific and sensitive tools in the staging of esophageal cancer. As suggested by the results of our study, the initial use of endoscopic mucosal resection may be an appropriate diagnostic and possible therapeutic technique for patients with cT1N0 disease. It is especially difficult to distinguish T1a disease from T1b disease by EUS and therefore EMR is even more important as a diagnostic tool. For patients who may be under-staged based solely on depth of invasion (T stage), which carries a 7% risk in our series, meticulous surgical technique with adequate radial resection margins mitigates potential incomplete resections. Also, the addition of PET reduces the rate of finding occult nodal disease in these patients with early disease. When staged with a combination of EUS and PET, the risk of occult nodal disease is only 4% in this group. Therefore, current treatment algorithms of clinical stageT1N0 and T2N0 esophageal cancer should be re-evaluated so that appropriate therapy is administered, without over-or under-treatment. Further evaluation of the under-staged group in this review is needed to determine if unrecognized nodal disease by preoperative staging workup in early stage esophageal cancer affects long-term survival or disease-free interval. As for patients with cT2N0 lesions based on both EUS and PET, a frank and detailed discussion must be undertaken regarding the risks and benefits of neoadjuvant therapy, as 18% of this group of patients will have clinically unrecognized nodal involvement. Further studies are required to elucidate various clinical and pathological risk factors for occult nodal involvement. Future developments in molecular profiling techniques would also aid the diagnosis and treatment of these patients.
COMMENTS

Background
Studies demonstrate the importance of neoadjuvant therapy in esophageal cancer. Accurate staging determines which patients should undergo neoadjuvant treatment and is vital to improved patient outcomes. Computed tomography, magnetic resonance imaging, positron emission tomography, and endoscopic ultrasound (EUS) are important modalities for staging in esophageal cancer. EUS is a widely used modality with high sensitivity and specificity, though studies suggest that it is less accurate in early disease.
Research frontiers
EUS for esophageal cancer is standard practice. The distinction between tumors that invade the muscularis propria from those that invade the adventitia is critically important as it determines which patient will require upfront surgery vs neoadjuvant treatment. However, reports suggest that EUS staging is less accurate in early esophageal cancer.
Innovations and breakthroughs
This clinical study demonstrates that even in high volume cancer centers, improved staging is necessary. The addition of PET-CT leads to greater improvement in staging accuracy. Endoscopic mucosal resection is another useful diagnostic tool in the setting of early esophageal cancer.
Applications
Based on the findings of this study, we recommend increased use of PET-CT and EMR in addition to EUS in the staging of early esophageal cancer. Continued advances in these modalities will lead to more accurate determination of staging and treatment strategies for patients with early esophageal cancer.
